The plant growth-promoting rhizobacterium Azospirillum lipoferum 4B generates in vitro at high frequency a stable nonswimming phase variant designated 4V I , which is distinguishable from the wild type by the differential absorption of dyes. The frequency of variants generated by a recA mutant of A. lipoferum 4B was increased up to 10-fold. The pleiotropic modifications characteristic of the phase variant are well documented, but the molecular processes involved are unknown. Here, the objective was to assess whether genomic rearrangements take place during phase variation of strain 4B. The random amplified polymorphic DNA (RAPD) profiles of strains 4B and 4V I differed. RAPD fragments observed only with the wild type were cloned, and three cosmids carrying the corresponding fragments were isolated. The three cosmids hybridized with a 750-kb plasmid and pulse-field gel electrophoresis analysis revealed that this replicon was missing in the 4V I genome. The same rearrangements took place during phase variation of 4BrecA. Large-scale genomic rearrangements during phase variation were demonstrated for two additional strains. In Azospirillum brasilense WN1, generation of stable variants was correlated with the disappearance of a replicon of 260 kb. For Azospirillum irakense KBC1, the variant was not stable and coincided with the formation of a new replicon, whereas the revertant recovered the parental genomic architecture. This study shows large-scale genomic rearrangements in Azospirillum strains and correlates them with phase variation.
Azospirillum is a plant growth-promoting rhizobacterium associated with roots of monocots, including important crops, such as wheat, corn, and rice. Both in greenhouse and in field trials, Azospirillum was shown to exert beneficial effects on plant growth and crop yields, under various soil and climatic conditions (15) . The actual benefit from biological nitrogen fixation has been questioned, and plant growth promotion by Azospirillum seems to be due mainly to production of phytohormones (9, 15) . The most abundant phytohormone produced is indole-3-acetic acid, allowing an increase in the number of lateral roots and root hairs; this results in a higher absorption of water and minerals from the soil (9) .
Bacterial populations, especially in soil or in the rhizosphere, have to endure fluctuating environmental conditions. Bacteria have evolved different strategies to adapt to these environments. Phase variation is one adaptive process by which bacteria undergo frequent, usually reversible phenotypic changes resulting from genetic or epigenetic alterations at specific genetic loci (29) . This process is used by several bacterial species to generate intrapopulation diversity that increases bacterial fitness and is important in niche adaptation or to escape host defenses (reviewed in references 46 and 55) . In contrast to spontaneous mutations, which occur at a frequency of approximately 10 Ϫ8 to 10 Ϫ6 mutations per growing cell per generation, phase variation occurs at frequencies higher than 10 Ϫ5 switches per cell per generation (29) . Various mechanisms control phase variation. These include DNA inversion or duplication, deletion, transposition, homologous recombination, slipped-strand mispairing, and differential methylation (reviewed in reference 55). Phase variation in pathogenic bacteria-for example, switching of type IV pili in Neisseria gonorrhoeae (27) , differential expression of surface layer proteins in Campylobacter fetus (16) , and loss of virulence in the phytopathogen Ralstonia solanacearum (43)-has been extensively studied. However, phase variation is not restricted to pathogenic bacteria. Indeed, it also occurs during rhizosphere colonization of various plants by several strains of beneficial plant-associated Pseudomonas (1, 48) . For instance, the regulation of biocontrol traits (production of antifungal metabolites, chitinases, and biosurfactants) by phase variation was reported for Pseudomonas spp. strains (54) .
Azospirillum lipoferum 4B, a strain isolated from a rice rhizosphere, generates in vitro at high frequencies (10 Ϫ4 to 10
Ϫ3
per cell per generation) a stable phase variant named 4V I (3, 30) . Variant colonies are readily distinguishable from wild-type colonies by the differential absorption of dyes incorporated into the growth medium. The 4V I variant exhibits pleiotropic modifications; it gained assimilation of certain sugars but lost the ability to assimilate other sugars (3), to reduce triphenyl tetrazolium chloride, to bind some dyes, to swim (4), and to reduce nitrous oxide (our unpublished results). A. lipoferum 4T, a nonswimming strain displaying all of the features of the 4V I variant, and strain A. lipoferum 4B have been isolated simultaneously from rice rhizosphere at the same frequency (8) . A. lipoferum 4T retains the ability to efficiently colonize rice roots (2) . Like 4V I , A. lipoferum 4T was found to be genetically very close to A. lipoferum 4B (3, 8, 28) , suggesting that A. lipoferum 4T could in fact be a 4V I variant of strain 4B generated within the soil ecosystem.
We recently showed that inactivating recA in strain 4B resulted in a higher frequency of generation of variants (57) , contrasting with many studies of other bacteria showing either no effect or the abolition of phase variation process in recA mutants. This finding suggests the possibility that phase variation is accompanied by genetic rearrangements. As of now, the molecular mechanism underlying these nonreversible changes in A. lipoferum 4B remains to be determined. In this study, the objective was to determine whether genomic rearrangements take place during phase variation of strain 4B and related Azospirillum strains. The current work shows that genomic rearrangements are concomitant with phase variation in three species of Azospirillum.
Ϫ1
lysozyme (Roche, Meylan, France) for 24 h at 37°C, briefly rinsed with TE, and then treated for 48 h at 37°C with 2 mg ml Ϫ1 proteinase K (Euromedex) dissolved in 0.5 M EDTA containing 1% sarkosyl (Sigma, St. Quentin Fallavier, France). The plugs were then washed in TE buffer and stored at 4°C in 0.5 M EDTA until used. PFGE was carried out on a Chef-DRIII system (Bio-Rad Laboratories) at 14°C on a 0.8% agarose gel (pulse field-certified agarose; BioRad Laboratories) in 0.5ϫ TBE (Tris-borate-EDTA) buffer (Euromedex). Conditions of migration for separation of plasmids were 5 V cm Ϫ1 for 15 h with a switch time of 20 to 40 s and a field angle of 120°, followed by 3.5 V cm Ϫ1 for 30 h with a switch time of 120 to 240 s and a field angle of 120°. For separation of the biggest replicons, the conditions were 4.5 V cm Ϫ1 for 60 h with a switch time of 70 to 160 s and a field angle of 120°.
The 750-kb plasmid was purified from a low-melting PFGE agarose gel, digested by EcoRV, labeled with [␣-32 P]dCTP, and used as a probe in hybridization experiments.
Phenotypic characterization of variants in Azospirillum strains. The ability of strains to generate variants was analyzed as previously described (3, 57) . Briefly, single wild-type colonies were used to inoculate 5 ml of Nfbm medium. After overnight incubation at 28°C with shaking (200 rpm), serial dilutions were plated onto nutrient agar (Difco) supplemented with 0.0005% (wt/vol) bromothymol blue (NAB medium). The morphology of colonies on NAB plates and dye binding were examined after 4 days of incubation at 28°C. For each strain, at least 500 colonies were screened. The stabilities of the variants were tested by growing overnight individual variant colonies in Nfbm medium at 28°C and plating them on NAB. The frequencies of variant emergence were calculated for individual colonies after a 4-day growth on NAB as previously described (57) .
RESULTS
Evidence for DNA rearrangements in the A. lipoferum 4B strain. Since phase variation on strain A. lipoferum 4B has been extensively studied and the frequency of variants generated by a 4BrecA mutant was increased up to 10-fold, we focused first on genome rearrangements taking place when 4B switches to 4V I . Strains 4B and 4BrecA as well as their phenotypic variants 4V I and 4V I recA were compared by RAPD analysis using primers allowing differentiation of A. lipoferum strains (22) . RAPD profiles of A. lipoferum 4B and its 4V I variant revealed two strong major reproducible differences: two fragments of approximately 600 bp and 850 bp were repeatedly absent from the 4V I profile (Fig. 1, lanes 1 and 2) . The same result was observed for strain 4BrecA and its 4V I recA variant (Fig. 1,  lanes 3 and 4) . This finding suggests that genomic rearrangements occur during phase variation and that the same events could take place in the recA mutant.
The two major RAPD fragments present in the 4B profile but absent from that of 4V I were cloned in pGEM-T Easy vector and sequenced. As a RAPD band might contain several amplification products, different clones were analyzed for each band. A unique DNA sequence, RAPD1, was obtained with the 600-bp band (AY913829). From the 850-bp band, two sequences of 854 and 846 bp, named RAPD2 and RAPD3 (DQ242496 and DQ242497, respectively), were recovered. The sequences from RAPD1 and RAPD3 displayed no ORF and no significant similarity to sequences found in databases. A partial ORF encoding a putative transposase (with a higher level of identity to a transposase of Caulobacter crescentus, NP_421536) was found over the 135 bp of the 3Ј end of the RAPD2 fragment.
In order to determine whether the three RAPD regions were absent from the genome of the 4V I variant or still present but at another location in the genome (both situations could indeed explain the disappearance of bands in an RAPD profile), sets of primers were designed ( Table 2) . Using these primers, PCR fragments of the expected sizes were obtained from strain 4B, whereas no amplification product was obtained from 4V I (data not shown). To confirm the PCR data, South- ern hybridization experiments were carried out on digested genomic DNA using the PCR products obtained from RAPD1, RAPD2, and RAPD3 as probes. The three probes clearly hybridized with DNA from 4B, but no hybridization signal was detected with DNA from 4V I (see Fig. 2 for hybridization with RAPD2; data not shown for RAPD1 and RAPD3). Overall, these findings point to a deletion event taking place when strain 4B switches to the 4V I variant. Moreover, the occurrence of a single hybridization signal with each probe suggested that those three regions were present as single copies in the genome of A. lipoferum 4B. Searching the extent of the deletion in the 4V I variant genome. To determine the extent of the deletion as well as the putative genetic link between the three RAPD regions, a genomic library of strain 4B was constructed in cosmid pWEB; 400 clones were screened by PCR with specific primers targeting RAPD1, RAPD2, and RAPD3. For each region, a unique positive clone was isolated and the corresponding cosmids and RAPD3, respectively. These cosmids carried an insert, each about 35 kb DNA, and displayed different restriction patterns (data not shown). The boundaries of each insert were sequenced using the M13 forward and T7 primers. BLAST analyses revealed no ORF for the 650-and 746-bp sequences of the left borders of cosmids pR2.51 and pR2.52, respectively (DQ242498 and DQ242500). Sequences corresponding to the right borders showed a partial ORF displaying 62% identity with an ORF encoding a signal transduction histidine kinase of Bradyrhizobium japonicum (NP_768355) for pR2.51 (744 bp; DQ242499), and that of pR2.52 (DQ242501) carried an ORF whose product shared 37% identity (55% similarity) with the VirB4 component of the type IV secretion system of Mesorhizobium sp. BNC1 (ZP_00613241). Finally, sequencing of 733 bp of the left border of pR2.53 (DQ242502) revealed a partial ORF with 81% identity to a gene encoding a protein involved in Fe 2ϩ transport of Ralstonia metallidurans (ZP_00596430); the 847 bp of the right boundary of this cosmid (DQ242503) showed 79% identity with an ORF coding for a predicted oxidoreductase of Mesorhizobium sp. BNC1 (ZP_00613187).
Sets of primers for each boundary were designed (Table 2 ) and used in PCR experiments. PCR fragments of the expected sizes were obtained from strain 4B with the six primer sets; no product was amplified from the 4V I DNA with any of the primer sets (data not shown), suggesting that the entire content of all three cosmids was missing from the 4V I genome. This means that at least 110 kb was deleted during phase variation. (18) showed no difference in plasmid pattern between 4B and 4V I , both harboring five plasmids (3, 28) . When a modified technique of plasmid separation was performed (see Materials and Methods), the same profile could be observed for both strains (Fig. 3A, lane 1, for strain 4B) , and using plasmid profiles of R. etli CFN42 and A. brasilense Sp7 as markers, the sizes of those plasmids were estimated to be 40, 310, 460, 700, and ϳ1,000 kb. However, when the conditions of migration applied to the gel were chosen to improve separation of highmolecular-weight plasmids (see Materials and Methods), the 40-kb plasmid was no longer visible but a sixth plasmid of 750 kb appeared close to the 700-kb one in strain 4B (Fig. 3B, lane  1) . Interestingly, the 750-kb replicon was repeatedly absent from the plasmid profile of 4V I (Fig. 3B, lane 2) . The same results were observed for strain 4BrecA and its 4V I recA variant (data not shown). We also checked the plasmid pattern of the original 4B isolate, which was obtained in 1982 and lyophilized and conserved since, and found it to be identical to that of the 4B strain used throughout this study (data not shown). This indicates that no genetic drift has occurred in the strain. The original 1982 isolate could generate variants at the same frequency, pointing to the fact that the ability to generate variants is an intrinsic property of strain 4B. Moreover, the 750-kb plasmid was also absent from those variants.
Modification of plasmid content during phase variation. Previous results obtained with the classical Eckhardt technique
To establish whether the deleted regions identified following RAPD analysis and cosmid library screening were located on the missing 750-kb plasmid or not, DNA hybridizations of plasmid profiles were carried out using PCR products RAPD1, RAPD2, and RAPD3 as probes. As suspected, the three probes clearly hybridized with the 750-kb plasmid missing from the variant, as illustrated for RAPD2 (Fig. 3C ). This result clearly indicates that a major deletion event (of at least 110 kb of plasmid DNA) occurs when strain 4B switches to 4V I , explaining why revertants cannot be observed in this strain. However, whether the 750-kb plasmid was entirely lost or part of it integrated into a bigger replicon was explored by PFGE analysis and hybridization.
It is known that in PFGE, higher-molecular-weight circular DNAs cannot enter the agarose; thus, only a fraction of randomly linearized replicons is expected to migrate during electrophoresis. PFGE of undigested DNA revealed the presence of plasmids with banding patterns similar to those described above for 4B and 4V I (Fig. 4A) . The genomic architecture of the nonmotile strain A. lipoferum 4T isolated from the same rice rhizosphere as strain 4B and displaying the same features as the 4V I variant was also analyzed by PFGE. Strain 4T carries replicons similar to those in the 4V I variant, and in particular, it lacks the 750-kb plasmid (Fig. 4A, lane 3) . Interestingly, an additional replicon of 400 kb was detected in strain 4T. When using appropriate conditions of migration for separating the bigger replicons, two similar replicons of approximately 2,200 kb and Ͻ1,600 kb were detected in the three strains (Fig. 4C) . To ascertain that the 750-kb replicon is lost, the corresponding plasmid band was purified and used as a probe to hybridize PFGE profiles of small and large replicons. The only hybridization signal was obtained with the 750-kb plasmid of strain 4B (Fig. 4B) . No hybridization signal was detected on bigger replicons of the 4V I variant (Fig. 4D) . These results clearly demonstrate that the 750-kb plasmid was entirely lost in the variants. The fact that the additional plasmid of strain 4T did not hybridize indicates that the 400-kb plasmid is not a remnant of the 750-kb plasmid.
Link between phenotypic features and plasmid loss. Phase variation is linked with pleiotropic modifications in Azospirillum; notably, the 4V I variant and strain 4T have lost the ability to swim and to reduce nitrous oxide. Attempts to isolate loci involved in flagellin synthesis of polar flagellum were unsuccessful. Primers were designed and used to amplify nosZ, a gene already characterized for several Azospirillum strains and whose product is involved in reducing nitrous oxide. A product of 520 bp was amplified from genomic DNA from strain 4B; no amplification was obtained with DNA from the 4V I variant and from strain 4T. The 4B PCR product was sequenced (DQ465016) and appeared to be 94% identical to nosZ of A. brasilense Sp7 (AF361791). This PCR product was used as a probe on plasmid gel and was found to hybridize with the 750-kb plasmid of strain 4B (data not shown); as expected, no hybridization signal was detected with 4V I and 4T, which is consistent with these strains displaying no nitrous oxide-reducing activity.
Occurrence of phase variation in Azospirillum species. To explore the phase variation phenomena in Azospirillum, a collection of 27 strains (Table 1) belonging to different species was screened by using an approach similar to that used to identify variants generated by A. lipoferum 4B (see Materials and Methods) (3). Five strains (Table 3) belonging to three different Azospirillum species produced variant colonies with the same phenotypes as the 4V I variant: those variants did not fix bromothymol blue (i.e., they were translucent on NAB medium), they were nonmotile (as seen on soft agar and confirmed by microscopy), and they lost the ability to reduce triphenyl tetrazolium chloride into formazan. The other strains failed to produce variants or the frequency of appearance of variants was under the detection threshold.
The stabilities of the variants were examined by subculturing the corresponding colonies overnight (eight generations) and plating them onto NAB. As previously reported (3) and confirmed in this study, the 4V I variant from A. lipoferum 4B was found to be stable, generating identical and homogeneous colonies. A similar stable phase variant was also generated by A. brasilense strain WN1 (Table 3 ). In contrast, subculturing variant colonies from A. brasilense Wb1 and A. irakense KBC1 produced a mixture of wild-type and variant colonies (at a ratio of about 10:1), suggesting that a reversion event had occurred. For strains A. brasilense PH1 and A. lipoferum MRB16, subculturing of variants yielded almost only wild-type colonies, and thus, those variants were considered highly unstable and could not be further analyzed. In all cases, reversion to a wild-type phenotype was confirmed by the observation that cell motility and TTC reduction were restored. The frequencies of appearance of variants were determined for strains generating stable or weakly unstable variants and were found to be in the same order of magnitude as the frequency previously calculated for strain 4B (Table 3) . Genomic rearrangements in other Azospirillum strains. To investigate whether phase variation was also linked to genomic rearrangements in other Azospirillum strains, the genomes of stable and weakly unstable variants were compared to those of the corresponding wild-type strains by a modified Eckhardt gel electrophoresis. For A. brasilense Wb1, no difference in plasmids contents was seen between the wild type and the variant, implying that genetic modifications not detected by this method might occur in that particular strain (Fig. 5A) . A plasmid pattern change was observed for A. brasilense WN1, where the wild-type cells harbor five plasmids of approximately 190, 260, 500, 570, and Ͼ650 kb, whereas cells from its stable variant carry only four plasmids, with disappearance of the 260-kb replicon (Fig. 5B) . Plasmid profile and PFGE analyses of A. irakense KBC1 revealed two plasmids of 1,050 and 1,400 kb, while the plasmid profile of its variant constantly displayed three plasmids of 160, 1,050, and 1,240 kb (Fig. 5C, lanes 1 and  2; data not shown for PFGE). The 1240-kb plasmid is usually seen as a faint band in the gel, which may indicate that only some cells bear this replicon; it seems that an excision event in the 1,400-kb plasmid generates two new replicons. Several revertant colonies obtained from KBC1 variants showed the same phenotypic features and the same plasmid profile as the wild-type strain (Fig. 5C, lane 3) , indicating that excision occurring in the 1,400-kb plasmid was followed by cointegration and that these events were probably not accompanied by a loss of genetic material.
To investigate the possibility that the different plasmids involved in phase variation share common sequences, the 750-kb plasmid DNA was used as a probe to hybridize to plasmid profiles of strains generating variants, i.e., A. brasilense WN1 and Wb1 and A. irakense KBC1. No signal was detected, even with prolonged exposure time (data not shown), suggesting that these plasmids do not share homologous sequences. How- ever, the possibility that diverging orthologs are localized on these plasmids cannot be excluded.
DISCUSSION
In this study, phase variation and DNA rearrangement phenomena in Azospirillum strains were investigated by using media containing dyes, plasmid and PFGE profiles, and RAPD and Southern hybridization of genomic DNA patterns. In addition to the well-described phase variant generated by A. lipoferum 4B, the ability to generate a variant was extended to two other species, A. brasilense and A. irakense. Phase variants of Azospirillum appeared at frequencies of 10 Ϫ4 to 10 Ϫ3 per cell per generation, which is similar to those reported for many other bacteria (16, 54) . Although the majority of the variants were unstable and reverted to the original phenotypes in these bacteria, variants from strains A. lipoferum 4B and A. brasilense WN1 exhibited stable phenotypes over multiple subculturing. Reversion is common in phase variation phenomena, where revertants tend to recover phenotypic and genetic characteristics of the wild-type strains (25, 54) .
The genus Azospirillum comprises eight species (10, 17, 35, 37, 44, 51, 59) , and most of them harbor multiple replicons consisting of a chromosome(s) and plasmids (14, 24) . So far, the composite genome of Azospirillum has been described as being relatively stable, at least for A. brasilense: indeed, the PFGE profile after field experiments and several isolation procedures remained unchanged for Sp7 and Sp245 (38) . Interestingly, here we showed that modification of genome architecture in Azospirillum species occurs in vitro at high frequency (Ͼ10 Ϫ4 ) during phase variation. Most strains studied present different genomic rearrangements, implying plasmids of various sizes. For strain 4B, all of the data obtained point to the loss of a 750-kb plasmid during conversion from 4B to 4V I . Disappearance of a plasmid in the variant of A. brasilense WN1, excision followed by temporary formation of new replicons in the variant of A. irakense KBC1, and an undetermined discrete event in strain A. brasilense Wb1 were evidenced. These contrasting changes might indicate the involvement of different genetic events. As no similar sequence was found between the 750-kb plasmid of A. lipoferum 4B and the other plasmids involved in phase variation, the participation of common sequences in the genetic rearrangements is unlikely.
DNA rearrangements have previously been involved in bacterial phase variation. For instance, in the human pathogen Yersinia pestis, a deletion of a 102-kb fragment occurs at a frequency of 10 Ϫ5 and leads to loss of pigmentation and avirulence in a mouse model (23) . Antigenic variants of Coxiella burnetii arose by deletions of up to 29 kb (31, 58) . Phase variation based on recombinational events of S-layer proteins encoded by genes between the chromosome and plasmids has been also demonstrated for Bacillus stearothermophilus (49) . The molecular origin for lipopolysaccharide phase variation in Legionella pneumophila relies on a 30-kb unstable element located on the chromosome in the wild type, whereas excision from the chromosome and replication as a high-copy plasmid result in the avirulent phenotype variant (36) . Moreover, major DNA rearrangements between the chromosome and plasmids that are not involved in phase variation were also well documented for many bacteria, including the plant-associated bacterium Rhizobium. These genomic rearrangements arose at 10 Ϫ4 to 10 Ϫ3 ; they include deletion, amplification, inversion, and cointegration (13, 26, 40, 41, 60) . Some of these rearrangements have biological consequences (26, 39) . Accordingly, it is well established that plasticity is a common feature of bacterial genomes. Our study constitutes the first to demonstrate such genomic rearrangements in Azospirillum genomes.
Unraveling the mechanism by which phase variants arise is not always straightforward, in particular when genetic alterations are foreboded and no markers of the altered regions are available, as was the case for the Azospirillum strains studied here. Classical genetic techniques, such as functional complementation of the variant or transposon mutagenesis, which were used successfully to characterize DNA regions or loci involved in phase variation in certain bacteria (25, 54) , were found unproductive in A. lipoferum 4B, to be due mainly to the extremely low frequency of plasmid transfer (7) . In this study, by combining RAPD analysis with a genomic library construction, we were able to isolate cosmids containing DNA region involved in phase variation in strain 4B. To date, no Azospirillum genome has been entirely sequenced and the implementation of standard genetic protocols is difficult with A. lipoferum (53) . Sequencing the entire content of the isolated cosmids or of the deleted plasmid might allow the elucidation of the mechanism underlying these genetic rearrangements. In strain 4B, the absence of a functional RecA protein does not impede these genomic rearrangements and the frequency of variants generated by 4BrecA is increased up to 10-fold (57) . RecA has been shown to affect plasmid stability in two contrasting ways. For instance, in E. coli, RecA expression causes plasmid multimerization with concomitant instability (50), whereas stabilization of plasmid by recA-dependent functions was reported for Zymomonas mobilis (56) . Our results suggest that RecA plays a role in the maintenance of the 750-kb plasmid in A. lipoferum 4B, and knocking out the recA gene increases its instability.
Several phenotypes altered here are identical in variants obtained from Azospirillum strains; noticeably, phase variation is always accompanied by loss of motility due to polar flagellum, suggesting that genes implicated in flagellum synthesis or regulation could undergo rearrangements. The lost region represents about 1/10 of the genome of A. lipoferum 4B, which suggests that additional phenotypes altered in the 4V I variant remain to be identified. Sequencing the 750-kb plasmid will provide insight into the biological significance of this major genomic rearrangement occurring in vitro (4V I variant) and in nature (A. lipoferum 4T). It is known that Pseudomonas brassicacearum, a major root colonizer of Arabidopsis thaliana, generates variants with higher abilities to swim and swarm, and thus, phase variation was correlated with the high colonization powers of these bacteria (1) . In the case of Azospirillum, it is important to point out that loss of swimming ability in variant 4V I and in strain 4T is directly linked to enhanced swarming motility (4) . Thus, the nonswimming Azospirillum strains are expected to keep the ability to move along plant roots. The ability to generate variants was not correlated to a particular Azospirillum species or to a specific plant host, and thus, the adaptive significance of phase variation in Azospirillum remains to be established. 
